
United States Patent 

US007314788B2 

(12) (10) Patent N0.: US 7,314,788 B2 
Shaw et a]. (45) Date of Patent: Jan. 1, 2008 

(54) STANDARD CELL BACK BIAS 6,157,070 A * 12/2000 Lin et al. .................. .. 257/392 

ARCHITECTURE 6,368,933 B1 * 4/2002 Clark et al. ............... .. 438/395 

6,388,315 B1* 5/2002 Cl k t l. ............... .. 257/691 
(75) Inventors: Ching-Hao ShaW, Hsin-Chu (TW); * ar e a 

Chih Hung Wu Hsin_chu 6,839,882 B2 1/2005 McManus et al. .... .. 716/1 

Charlie Chueh ’Hsin_chu (TW) ’ 7,115,460 B2* 10/2006 Shaw et al. ............... .. 438/213 

(73) Assignee: Taiwan Semiconductor 
Manufacturing Company, Ltd., 
Hsimchu (TW) OTHER PUBLICATIONS 

* - _ - - - - Kuroda, Tadahiro, et al., “A High-Speed Low-Power 0.3 um CMOS 

( ) Nonce' SubJeCt.tO any dlsclalmer’. the term of thls Gate Array With Variable Threshold Voltage (VT) Scheme”,IEEE 
Patent 15 extended Or adlusted under 35 1996 Custom Integrated Circuits Conference, 1996, pp. 53-56. 
U'S'C' 154(1)) by 106 days' Kuroda, Tadahiro, et al., “Substrate Noise In?uence on Circuit 

_ Performance in Variable Threshold-Voltage Scheme”, IEEE Press, 
(21) Appl. No.. 11/350,636 1996, pp‘ 309312 

- _ Usami, Kimiyoshi, et al., “Low-Power Design Methodology and 
(22) Flled' Feb‘ 9’ 2006 Applications Utilizing Dual Supply Voltages”, ACM Press, 200, pp. 

(65) Prior Publication Data 123-128’ date unknown 

Us 2006/0134853 A1 Jun. 22, 2006 * Cited by examiner 

_ _ Primary ExamineriDavid Nhu 
Related U‘s‘ Apphcatlon Data (74) Attorney, Agent, or F irmiHaynes Boone, LLP 

(63) Continuation of application No. 10/ 923,490, ?led on 
Aug. 20, 2004, HOW Pat. NO. 7,115,460. (57) ABSTRACT 

(60) Provisional application No. 60/500,121, ?led on Sep. 

4’ 2003' An apparatus including, in one embodiment, a CMOS 
(51) Int Cl device cell including at least ?rst and second CMOS tran 

H0'1L 1/3 3 6 (2006 01) sistors having ?rst and second CMOS transistor doped 
H0 1L 21/8234 (200601) regions in ?rst and second doped Wells, respectively, 

52 U 5 Cl 438/19'7_ 438/199 257N321 135 Wherein each of the ?rst and second CMOS transistor doped 
( ) ‘ ‘ ‘ """"""" " 25’7/E21 632’_ 257N323‘ 153’ regions is con?gured to be biased With a corresponding one 
58 F M f Cl _? _ s h ' ’ 438/197 of a poWer supply potential and a ground potential. Such an 

( ) 1e 0 ass‘ canon earc """"""" " > embodiment also includes a tap cell having ?rst and second 

_ _ 438/199’ 217’ 223’ 227’ 289} 394’ 395 tap cell doped regions in the ?rst and second doped Wells, 
See apphcanon ?le for Complete Search hlstory' respectively, Wherein each of the ?rst and second tap cell 

(56) References Cited doped regions is con?gured to be biased With a di?cerent 

U.S. PATENT DOCUMENTS 

5,783,846 A * 7/1998 Baukus et al. ............ .. 257/204 

potential relative to the poWer supply and ground potential. 

18 Claims, 15 Drawing Sheets 



U.S. Patent Jan. 1, 2008 Sheet 1 0f 15 US 7,314,788 B2 

102 
Electronic integrated circuit design system A/ 

Leakage power control /'\/ 104 
IC architecture 

Fig. 1 



U.S. Patent 

202 N 

Jan. 1, 2008 Sheet 2 0f 15 

g 104 

Provide electronic IC design 
system 

i 
204 /'\/ 

Provide standard IC cell design 
libraries 

l 
Fabricate TAP cell 

1 
Position TAP cells and/or other 

cells 

Fig. 2 

US 7,314,788 B2 



U.S. Patent Jan. 1, 2008 Sheet 3 0f 15 US 7,314,788 B2 

3 300 
@316 

318 

Fig. 3a 



U.S. Patent Jan. 1, 2008 Sheet 4 0f 15 US 7,314,788 B2 

_|||||||||.._ _ __ 

__ __ 

Fig. 3b 



U.S. Patent Jan. 1, 2008 Sheet 5 0f 15 US 7,314,788 B2 



U.S. Patent Jan. 1, 2008 Sheet 6 0f 15 US 7,314,788 B2 

6 4 2 2 O 0 0 0 1 2 4 4 4 3 3 

- I 1 l l l l l I l I I I l I I l l I l I l l l l I I l I l I l l l l I l l l I l I l I l l l l l l l l l l I l l l l l I I l I I I l I l l I l l i i I l I l I l I I I l l ll 

1 | I | | | a | I I | x a x | | | | I I | | | | I | I | 1 | | l I | z l | | | | | | | | | | | | | | | | | | | | | I | | I | | I | | | | | | | | | | | | | | | | | | ll. . 

1 I 1 | I | ¢ v | a A 1 n 1 ¢ t I | | | | I I | | | | | n a | l | x I | | | | | | | ||.| | I | | | | | | | | I | | | | a | ; | | I | I | | | | | | | | | | | | | I: 

_ _ n 

_ I I I I II I I I 

| | | | | l | | _ 

_ H _ _ _ 

rlvw. 7w‘. ‘?n - u - vnu. vuvv — _ _ _ _ . u _. _ _ mu 

_ . 

flu. 

_ Mw m. 

_ 

_ Mm v5. 

________ 

‘I 
I 

I'm 

Fig. 4a 



U.S. Patent Jan. 1, 2008 Sheet 7 0f 15 US 7,314,788 B2 

§ 400 
326 /\/ 

r... 
l 

402 302 5 ' 

402 

408 

312 

304 

318 

Fig. 4b 



U.S. Patent Jan. 1, 2008 Sheet 8 0f 15 US 7,314,788 B2 

/ lo 

// 30H 
318 1? Fig. 4c 

330 
J67 \ K) / 

304 ‘ 312 

8L / 408 31(2 





U.S. Patent Jan. 1, 2008 Sheet 10 0f 15 US 7,314,788 B2 

6 K2 vt hpump 

CK1 . 
CK2 . 

"BB. 

Fig. 6 



U.S. Patent Jan. 1, 2008 Sheet 11 0f 15 US 7,314,788 B2 

700 

755a 

730a 

74521 

725 

I I 

I f/ / 
I I 

715 720 

710 

705 

Fig. 7 



U.S. Patent Jan. 1, 2008 Sheet 12 0f 15 US 7,314,788 B2 

Fig. 8 



U.S. Patent Jan. 1, 2008 Sheet 13 0f 15 US 7,314,788 B2 

910 

930 
760b 955 

755b 700 
8101) 

760a 

a 5 5 7 

730a 

f l 
740 

O 9 

I 
735 

745 920 

Fig. 9 705 



U.S. Patent Jan. 1, 2008 Sheet 14 0f 15 US 7,314,788 B2 

910 

" I 

/ 
I 

I 
I 

l 

940 

725 

Fig. 10 
705 



U.S. Patent Jan. 1, 2008 Sheet 15 0f 15 US 7,314,788 B2 

Fig. 11 



US 7,314,788 B2 
1 

STANDARD CELL BACK BIAS 
ARCHITECTURE 

RELATED APPLICATION 

The present application is a divisional application based 
on US. patent application Ser. No. 10/923,490, entitled 
“STANDARD CELL BACK BIAS ARCHITECTURE,” 
?led Aug. 20, 2004 now US. Pat. No. 7,115,460, Which in 
turn is related to and claims the bene?t of the priority date 
of US. Provisional Patent Application No. 60/500,121, 
entitled “STANDARD CELL BACK BIAS ARCHITEC 
TURE,” and ?led Sep. 4, 2003. 

BACKGROUND 

Advanced complex semiconductor device design and 
manufacturing has matured to a high level of quality man 
dated by the complexity of process steps, device circuit 
density, and the device minimum feature siZe. Consequently, 
many design considerations must be considered in the 
design of advanced complex semiconductor devices, includ 
ing poWer dissipation, timing performance, and leakage 
poWer, among others. In response, layout, electrical simu 
lation, and many other related activities have been integrated 
into full-?edged electronic device design systems. Such 
electronic design systems enable integrated circuit (IC) 
designers to fabricate complex structures Within a comput 
eriZed virtual environment, Wherein complex three dimen 
sional cells may be constructed, electrically simulated, and 
matched against manufacturing process capabilities. 

However, challenges still exist in designing and main 
taining performance of devices, particularly as device 
dimensions continue to decrease. For example, electrical 
performance degradation can occur due to the increased 
density of interconnects and logical devices. To assist in the 
development of such devices, the layout of developing 
designs can comprise myriad basic or standard cell-struc 
tures that the IC designer can utiliZe in an electronic design 
layout system. The myriad standard device cells can include 
generally employed or frequently used cells comprised of 
different con?gurations of ?eld effect transistors (PETS), 
conductive interconnect con?gurations, and a plurality of 
other structures Well knoWn by one skilled in the art. 
One of the major challenges faced during the develop 

ment of neW designs is the reduction of standby leakage 
poWer. Standby leakage poWer can be associated With any 
electrical leakage that may occur While an FET or other cell 
component is not electrically activated. The standby elec 
trical leakage can contribute to degradation in device per 
formance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure is best understood from the fol 
loWing detailed description When read With the accompany 
ing ?gures. It is emphasiZed that, in accordance With the 
standard practice in the industry, various features are not 
draWn to scale. In fact, the dimensions of the various 
features may be arbitrarily increased or reduced for clarity of 
discussion. 

FIG. 1 is a block diagram of at least a portion of one 
embodiment of a system for providing an energy ef?cient 
cell architecture according to aspects of the present disclo 
sure. 

FIG. 2 is a ?oW-chart diagram of at least a portion of a 
method according to aspects of the present disclosure. 
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2 
FIG. 3a is a layout vieW of at least a portion of one 

embodiment of a modi?ed standard tap cell construction 
according to aspects of the present disclosure. 

FIG. 3b is a layout vieW of at least a portion of one 
embodiment of a modi?ed standard tap cell construction 
With interconnect attachment according to aspects of the 
present disclosure. 

FIG. 30 is a perspective vieW of at least a portion of one 
embodiment of a modi?ed standard tap cell construction 
With interconnect attachment according to aspects of the 
present disclosure. 

FIG. 4a is a layout vieW of at least a portion of one 
embodiment of an integrated circuit design With inverters 
and tap cell according to aspects of the present disclosure. 

FIG. 4b is a layout vieW of at least a portion of one 
embodiment of an integrated circuit design With inverters, 
tap cell, and bias voltage interconnects according to aspects 
of the present disclosure. 

FIG. 40 is a perspective vieW of at least a portion of one 
embodiment of an integrated circuit design With inverters, 
tap cell, and bias voltage interconnects incorporating the 
constructed according to aspects of the present disclosure. 

FIG. 5 is a layout vieW of at least a portion of one 
embodiment of an integrated circuit design With multiple tap 
cells and Well back bias incorporating other logic devices 
according to aspects of the present disclosure. 

FIG. 6 is a circuit diagram of at least a portion of a driving 
circuit for providing VBB and VPP voltages to a counter 
doped tap cell. 

FIG. 7 is a perspective vieW of at least a portion of an 
embodiment of an apparatus in an intermediate stage of 
manufacture according to aspects of the present disclosure. 

FIG. 8 is a perspective vieW of the apparatus shoWn in 
FIG. 7 in a subsequent stage of manufacture according to 
aspects of the present disclosure. 

FIG. 9 is a perspective vieW of the apparatus shoWn in 
FIG. 8 in a subsequent stage of manufacture according to 
aspects of the present disclosure. 

FIG. 10 is a perspective vieW of the apparatus shoWn in 
FIG. 9 in a subsequent stage of manufacture according to 
aspects of the present disclosure. 

FIG. 11 is a perspective vieW of another embodiment of 
the apparatus shoWn in FIG. 10 according to aspects of the 
present disclosure. 

DETAILED DESCRIPTION 

It is to be understood that the folloWing disclosure pro 
vides many different embodiments, or examples, for imple 
menting different features of the disclosure. Speci?c 
examples of components and arrangements are described 
beloW to simplify the present disclosure. These are, of 
course, merely examples and are not intended to be limiting. 
In addition, the present disclosure may repeat reference 
numerals and/or letters in the various examples. This rep 
etition is for the purpose of simplicity and clarity and does 
not in itself dictate a relationship betWeen the various 
embodiments and/or con?gurations discussed. Moreover, 
the formation of a ?rst feature over or on a second feature 

in the description that folloWs may include embodiments in 
Which the ?rst and second features are formed in direct 
contact, and may also include embodiments in Which addi 
tional features may be formed interposing the ?rst and 
second features, such that the ?rst and second features may 
not be in direct contact. 

Referring to FIG. 1, illustrated is a block diagram of at 
least a portion of one embodiment of a system 100 describ 
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ing tWo components Which may be employed in the estab 
lishment of a high energy e?icient IC cell structure accord 
ing to aspects of the present invention. The system 100, or 
at least the illustrated portion thereof, includes an electronic 
integrated circuit (IC) design component 102 and a leakage 
poWer control IC architecture component 104. The system 
100 may further include a plurality of device structures 
Which may be utiliZed to achieve a highly energy e?icient IC 
cell structure. 

The electronic IC design component 102 includes a 
plurality of electronic softWare design tools that can be 
coupled to various databases, such as those of a semicon 
ductor foundry and/ or one or more customers of the foundry. 
For example, the electronic IC design component 102 may 
include a plurality of device libraries Which can be accessed 
through a graphical user interface, Whereby cells from 
individual device libraries may be placed Within an IC 
design layout. The electronic IC design component 102 may 
be interconnected to many other entities across a netWork. 
The entities can include and are not limited to customers, 
servers, Wireless communication devices, terminals, and a 
plurality of other netWorked entities. The netWork can 
encompass a virtual fab Wherein the electronic IC design 
component 102, manufacturing operations, and other enti 
ties mutually share information, communicate, and interact 
across the netWork. 

The leakage poWer control IC architecture component 104 
may provide unique design techniques and con?gurations to 
the electronic integrated circuit design component 102. The 
architecture component 104 can provide an IC cell design 
(and/or plurality thereof) that can signi?cantly reduce the 
leakage poWer during device standby and active states. The 
elements Which comprise the IC can be continuously poW 
ered by external sources (referred to as “static states”), or 
randomly ?red according to speci?ed operations (referred to 
as “active states”). An example of an active state element is 
an FET. In standby mode, many of the FETs of a particular 
device or apparatus may not be active, although poWer 
leakage can still occur. 

The architecture component 104 may be employed to 
provide a back bias for one or more FETs. For example, the 
architecture component 104 may comprise one or more taps 
to a Well corresponding to one or more FETs, and may also 
include electrically doped regions Wherein an electrical 
connection may be created to the Well containing a plurality 
of NMOS and/ or PMOS devices. In order to implement Well 
voltage biasing, the Well can have a ?oating potential With 
respect to the substrate and other electrically grounded 
NMOS and/or PMOS devices. This can alloW for voltage 
biasing of a plurality of cells, Which can help to provide 
control or reduction of leakage current. Well voltage biasing 
can further provide control of the threshold voltage of the 
FETs, metal oxide semiconductor FETs (MOSFETs), and/or 
other devices formed in/on a substrate. 

Referring to FIG. 2, illustrated is a ?oW-chart diagram of 
at least a portion of one embodiment of a method 200 of 
providing an energy ef?cient cell architecture of the com 
ponent 104. The method 200 can begin at a step 202 in 
Which an electronic integrated circuit (IC) design system is 
provided, initiated, accessed, etc. The electronic IC design 
system may include a plurality of computing devices and 
softWare systems that alloW for the graphical manipulation 
of IC component representations. The IC component repre 
sentations can include FETs, capacitors, ampli?ers, logical 
operators, resistors, conducting interconnects, doped 
regions, and cells constructed of many components, among 
other possible representations. The electronic IC design 
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4 
system may include a plurality of tools for electrical device 
simulation and modeling. For example, a simulation pro 
gram With IC emphasis (e.g., SPICE) and/or other analytical 
tools may be incorporated in the electronic IC design 
system. The electronic IC design system may be coupled to 
a plurality of libraries, such as at a step 204 or another step, 
if not already so coupled. The libraries may comprise IC 
sub-component layouts, Which may be employed for various 
portions of the overall design. 

Thus, in one embodiment, at step 204, sub-component 
layouts including a plurality of commonly used or standard 
IC cell design libraries may be provided. The standard IC 
cell design libraries may include a plurality of semiconduc 
tor IC device design cells, such as DRAM, EPROM, 
EEPROM, SDRAM, and/or other logical devices. The stan 
dard IC cell design libraries may further include cells of 
analog components, such as capacitors, inductors, resistors, 
and/or other components. 
At a step 206, neW IC cell libraries may be added to the 

standard IC design library. NeW IC cell libraries may addi 
tionally or alternatively be fabricated by modifying the 
existing standard IC cell design libraries. For example, in 
one embodiment, a tap cell may be created by the modi? 
cation of the doped regions of a standard FET or other cell, 
among other possible modi?cations. As in embodiments 
described beloW or otherWise Within the scope of the present 
disclosure, such tap cells may provide Well biasing to reduce 
current leakage and/or tune threshold voltage of PET and 
other cells associated thereWith. 

For example, a tap cell may comprise one or more doped 
Wells in Which one or more thin oxide or diffusion regions 
having a greater dopant concentration is formed. Each such 
thin oxide or diffusion region may hereafter be referred to 
herein as in an “OD” or an “OD region.” In one embodi 

ment, a tap cell may comprise an N Well and a P Well, 
Wherein the N Well may include an N+ OD and the P Well 
may comprise a P+ OD. The N Well may additionally or 
alternatively comprise a P+ OD, and the P Well may addi 
tionally or alternatively comprise an N+ OD. The implan 
tation of any OD Within the scope of the present disclosure 
may be carried out by ion beam implantation, plasma source 
ion implantation, and/ or other conventional or future-devel 
oped processes. 

Such tap cells may have interconnects for connecting one 
or more OD regions With the an external bias voltage source, 
such that the Wells of associated PMOS and NMOS devices 
may be back biased. In some embodiments, such a tap cell 
may be employed to reduce poWer leakage in one or more 
semiconductor devices. 
At a step 208, the tap cells and other cells may be laid out 

in an IC design, including in any vertical and/or horiZontal 
position, and can be coupled to a myriad of IC cells. The tap 
cells may be arranged Within an IC design layout prior to, 
after, or concurrently With the layout of other cells. The tap 
cells may be placed at random or speci?c interval spacing 
relative to each other and other types of cells, Wherein poWer 
leakage reduction and control may be optimiZed by the 
quantity and positioning of the tap cells. The interval spac 
ing of the tap cells may be based on the geometric dimen 
sions of associated FETs and other devices, such that as 
geometries continue to shrink the frequency and spacing of 
tap cells may increase or decrease as desired. The tap cells 
may also have a bias voltage source and/or controller that is 
separate from the voltage source and/or controller of the 
associated devices. The voltage source and/or controller for 
the tap cells may be located local or remote relative to the 
associated devices, possibly on a separate die or chip. Each 
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tap cell may have separate voltage sources, or all tap cells 
may be controlled by a single voltage source. Clusters of tap 
cells Within an IC may each have a shared voltage, such that 
each cluster of tap cells in an IC may be connected to a 
corresponding voltage source and/or controller. 

Referring to FIG. 3a, illustrated is a layout vieW of at least 
a portion of one embodiment of a tap cell 300 constructed 
according to aspects of the present disclosure. The tap cell 
300 includes an N Well (“NW”) 302 and a P Well (“PW”) 
304. The NW 302 and/or the PW 304 may be integral to or 
otherWise contact other Wells employed to form neighboring 
FETs and/or other devices, including standard cells of such 
devices (hereafter collectively referred to as “associated 
cells”). The NW 302 and PW 304, including portions thereof 
that may be employed to form associated cells, may be 
enclosed by a deep NW (“DNW”), such as in embodiments 
in Which the substrate in Which the tap cell 300 is formed is 
a P doped substrate. The NW 302 may comprise an n+ doped 
OD (“N+ OD”) 306 and a p+ doped OD (“P+ OD”) 310. The 
P-Well 304 may comprise a P+ OD 308 and an N+ OD 312. 
The NW 302 and the PW 304 may be formed adjacent one 
another, separated by a portion of the substrate in Which they 
are formed, or separated by an isolation structure 322, such 
as local oxidation or shalloW trench isolation, if desired. 

Electrical connection to the NW 302 and the PW 304 may 
be accomplished through the N+ OD 306 and the P+ OD 
308. For example, contact to the N+ OD 306 and the P+ OD 
308 may be accomplished by contacts, vias, interconnects, 
and/ or other conductive elements. Such conductive elements 
may comprise one or more conductive layers, possibly 
including a refractory barrier material lining and a bulk 
conductive material ?ller. For example, the illustrated tap 
cell 300 embodiment employs contacts 320 extending 
betWeen elements of a ?rst metal layer and the N+ OD 306, 
the P+ OD 308, the P+ OD 310, and the N+ OD 312. The 
?rst metal layer may be the ?rst metal layer formed in an IC 
interconnect structure formed over the tap cell 300 and 
associated cells. In the illustrated embodiment, the ?rst 
metal layer includes an N+ OD interconnect 314, a P+ OD 
interconnect 315, a ground interconnect 316, and a poWer 
interconnect 318, although additional or alternative inter 
connects may also be formed in the ?rst metal layer, and 
additional or alternative metal layers or components may be 
employed to connect the NW 302 and the PW 304 to one or 
more bias voltage sources. 

Referring to FIG. 3b, illustrated is a layout vieW of the tap 
cell 300 shoWn in FIG. 3a in a subsequent stage of manu 
facture in Which the tap cell 300 includes and/or is inter 
connected by conductive overdrive taps VBB and VPP or 
other bias voltage interconnects 326, 328. The interconnects 
326, 328 may be part of a second metal layer or one or more 
higher level metal layers in an interconnect structure. The 
N+ OD 306 and the P+ OD 308 of the tap cell 300 may be 
electrically connected to the interconnects 326, 328, respec 
tively, by one or more contacts 320. The interconnects 326, 
328 may thus connect the N+ OD 306 and the P+ OD 308 
to one or more bias voltage poWer supplies on the substrate, 
chip or die and/or one or more external poWer supplies. 

Referring to FIG. 30, illustrated is a perspective vieW of 
at least a portion of one embodiment of the tap cell 300 
shoWn in FIG. 3b, herein designated by the reference 
numeral 350. The tap cell 350 is substantially similar to the 
tap cell 300, although the tap cell 350 does not include the 
isolation structure 322 shoWn in FIGS. 3a and 3b. 

The perspective vieW of the tap cell 350 illustrates the 
multiple layers that may be fabricated to form a tap cell 
according to aspects of the present disclosure. For example, 
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6 
in the illustrated embodiment, the tap cell 350 includes a 
dielectric layer 330 that is deposited or otherWise located on 
or over the N+ OD 306, the P+ OD 308, the P+ OD 310, and 
the N+ OD 312. The dielectric layer 330 may isolate the N+ 
OD interconnect 314, the P+ OD interconnect 315, the 
ground interconnect 316, and the poWer interconnect 318. 
The interconnects 314-316, 318 may comprise one or more 
refractory metal barrier layers and one or more bulk metal 
layers. The barrier layers may comprise Ti, TiN, Ta, TaN, 
TaW, TiW, and/or other materials, and the bulk layers may 
comprise Cu, Al, and/ or other materials. In one embodiment, 
one or more of the interconnects 314-316, 318 and/or the 
interconnects 326, 328 comprises highly conductive nano 
materials such as carbon nano-tubes, fullerenes, and/or other 
nano-material, including dopant-implantable nano-material. 

Referring to FIG. 4a, illustrated is a layout vieW of at least 
a portion of one embodiment of an apparatus 400 according 
to aspects of the present disclosure. The apparatus 400 is one 
environment in Which the tap cell 300 shoWn in FIGS. 3a 
and 3b and/or the tap cell 350 shoWn in FIG. 30 may be 
implemented. In the illustrated embodiment, the apparatus 
400 is or composes a portion of a block of associated cells 
(“cell block”) Which includes the tap cell 300 shoWn in 
FIGS. 3a and 3b, an inverter cell 401a, and a “NAND” cell 
4011). Of course, the apparatus 400 may include associated 
cells other than and/or or in addition to those shoWn in FIG. 
4a. The cell block 400 may be electrically isolated from 
other cell blocks by the incorporation of the DNW 324, 
Which may in some embodiments be a deep PWell (“DPW”). 
The cell block 400 may also or alternatively be isolated from 
surrounding cell blocks by an outer N doped or P doped ring 
structure 408. 
The inverter and NAND cells 401a, 4011) may each 

comprise a plurality of CMOS transistors formed in corre 
sponding portions of the NW 302 and the PW 304. The tap 
cell 300 in the block cell 400 can provide inverter- and/or 
NAND-cell body potential through back bias to the NW 302 
and the PW 304, Which can provide a reduction of leakage 
poWer of the inverter and NAND cells 401a, 401b, and can 
provide control of IC timing performance. The PMOS and 
NMOS devices of the inverter and NAND cells 401a, 4011) 
may be interconnected by gates 402 and conductive inter 
connects 404. The gates 402 may comprise one or more 
material layers, possibly including a layer of HfO2 or other 
high-k material interposing layers of ultra-thin, salicided 
SiO2 and polysilicon. In one embodiment, one or more of the 
gates 402 comprises conductive nano-materials, such as 
carbon nano-tubes, fullerenes, and/or other dopant implant 
able nano-materials. 
The cell block 400 With the tap cell 300 (and/or 350) may 

have Well-biasing voltages of predetermined values at any 
time upon the application of poWer to an IC. Alternatively, 
the Well-biasing voltage may be dynamically set based on 
various operating conditions. For example, if the IC is in a 
sleep mode for poWer conservation, a signal may be sent to 
the tap cell 300 to activate deep back biases to the N+ OD 
306 and the P+ OD 308, Which can result in a signi?cant 
reduction in standby current leakage of the associated cells. 
The Well-biasing voltages applied to the N+ OD 306 and the 
P+ OD 308 can also be set to a myriad of values at different 
locations Within an IC. Therefore, in the case of a central 
processing unit Which can have many different types of 
logical cells, each IC component or cluster of components 
may have different back bias settings corresponding to 
different tap cells 300, and Which can be simultaneously or 
sequentially sWitched to different values corresponding to 
different modes of operation, possibly optimiZing the reduc 
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tion of leakage power. Moreover, the location of the one or 
more tap cells 300 Within each cell block 400 is variable. For 
example, the location may be altered to optimize layout/ 
spacing, such as to maximiZe cell density While minimizing 
the drop in back-bias potential that may occur over an 
extended distance. 

Referring to FIG. 4b, illustrated is a layout vieW of the 
block cell 400 shoWn in FIG. 4a With the addition of 
conductive overdrive taps VBB and VPP or other intercon 
nects 326, 328. The interconnects 326, 328 may be inter 
connected to a cluster of tap cells 300 or to an individual tap 
cell 300, Wherein pre-selected values for the back bias can 
be set. The interconnects 326, 328 may be connected to one 
or more separate poWer supplies other than the poWer supply 
employed to poWer the inverter and NAND cells 401a, 4011) 
and/or other associated cells. 

Referring to FIG. 40, illustrated is a perspective vieW of 
at least a portion of cell block 400 shoWn in FIG. 4b. The 
ground interconnect (e.g., VSS) 318 and poWer interconnect 
(e.g., VDD) 316 connect to the N+ OD 312 and the P+ OD 
310, respectively, such as through one or more vias 320 or 
other interconnecting members. A dielectric layer 330 may 
be formed beloW the ground interconnect 318 and poWer 
interconnect 316. 

Those skilled in the art Will recogniZe that aspects of the 
present disclosure are not limited to the tap cell 300 and/or 
350 described above. For example, in addition to the 
embodiments illustrated herein, tap cells formed according 
to aspects of the present disclosure may be employed to 
interconnect myriad numbers and types of features incorpo 
rated in integrated circuits and other micro-electronic 
devices. 

Referring to FIG. 5, illustrated is a layout vieW of at least 
a portion of one embodiment of an integrated circuit 500 
comprising a logic array 502 according to aspects of the 
present disclosure. The logic array 502 includes tap cells 510 
formed integral to an array of associated cell blocks 530, 
Wherein each cell block 530 may comprise a number of 
inverter cells, NAND cells, and/or other logic devices. Each 
of the tap cells 510 may be substantially similar to one or 
more of the tap cells 300, 350 described above. The logic 
array 502 may comprise a number of cell blocks 520, one or 
more of Which may be substantially similar to the cell block 
400 described above, although the cell blocks 520 may 
comprise a larger number of inverter cells, NAND cells, 
and/or other CMOS devices than the tWo cells depicted in 
FIGS. 4a-4c, such that large arrays of CMOS devices may 
be back biased by the plurality of tap cells 510. 

Referring noW to FIG. 6, illustrated is a circuit diagram of 
at least a portion of one embodiment of a driving circuit 600 
Which may be employed to provide VBB and VPP voltages to 
a tap cell according to aspects of the present disclosure. The 
driving circuit 600 may be fabricated on the same chip or die 
and proximate a plurality of tap cells along With a logic 
array. The driving circuit 600 may alternatively be located 
off the chip or die, possibly being located on another chip. 
The driving circuit 600 may provide continuous, pulsed, 
and/or periodic VBB and VPP voltages to tap cells. The VBB 
and VPP voltages produced by the driving circuit 600 may be 
controlled through a feed-back loop Wherein dynamic VBB 
and VPP voltages may be applied according to external 
conditions from sensory devices. For example, the feed-back 
system may include a thermocouple Wherein the dynamic 
VB and VPP voltages applied to one or more tap cells may 
be dependent upon the temperature sensed by the thermo 
couple. 
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Referring to FIG. 7, illustrated is a perspective vieW of at 

least a portion of one embodiment of an apparatus 700 in an 
intermediate stage of manufacture according to aspects of 
the present disclosure. The apparatus 700 includes a sub 
strate 705 Which may substantially comprise P doped sili 
con. In other embodiments, the substrate 705 may not 
substantially comprise P doped silicon, but may comprise a 
number of deep P Wells, or may comprise silicon other than 
P doped silicon. For the sake of simplicity, the folloWing 
discussion assumes that the substrate 705 substantially com 
prises P doped silicon. HoWever, those skilled in the art Will 
recogniZe that the description that folloWs is applicable 
and/or readily adaptable to embodiments of the apparatus 
700 in Which the substrate 705 does not substantially com 
prise P doped silicon but are still Within the scope of the 
present disclosure. 
The apparatus 700 may comprise a deep N doped Well 

(“DNW”) 710 formed by conventional or future-developed 
processes. The DNW 710 may be employed to physically 
and/or electrically isolate an N doped Well (“NW”) 715 and 
a P doped Well (“PW”) 720 from nearby elements. A doped 
ring structure may additionally or alternatively be employed 
for such isolation. 
The apparatus 700 may include one or more devices 

associated With one or more tap cells, such that the tap cells 
may back bias one or more of the associated devices. 
Accordingly, the substrate 705 may include a plurality of tap 
cell regions in each of Which such a tap cell may be formed 
according to aspects of the present disclosure. Only one such 
tap cell region 725 is depicted in the illustrated embodiment, 
although the substrate 705 may include any number of tap 
cell regions 725 as may correspond to the number of tap 
cells included in the apparatus 700. 
The substrate 705 may also include a number of associ 

ated device regions, such as associated device regions 730a, 
7301). Of course, many embodiments Will include many 
more associated device regions than the tWo regions 730a, 
730!) shown in the illustrated embodiment. Thus, any ref 
erence to the associated device regions 730a, 7301) herein is 
applicable or readily adaptable to the other associated device 
regions not shoWn in FIG. 7. Also, although depicted as 
being at or proximate an end or perimeter of a block or 
cluster of associated device regions 730a, 730b, or otherWise 
proximate the perimeter of the block of associated device 
regions 730a, 730b, the tap cell region 725 may also be 
positioned at other locations Within a particular cluster of 
associated device regions 730a, 730b, such as a position that 
is proximate a central region of the block of associated 
device regions 730a, 7301). 
An N+ doped region (“N+ OD”) 735 may be formed in 

the NW 715 and Within the tap cell region 725. The N+ OD 
735 may comprise a thin oxide or diffusion formed by ion 
implantation and/or other conventional and/or future-devel 
oped processes. In one embodiment, the N+ OD 735 may be 
formed by processes similar to those employed to form N+ 
type source/drain regions of CMOS transistors and, as such, 
may be substantially similar in composition and/or geometry 
to an N+ type source/drain region. In fact, in one embodi 
ment, the N+ OD 735 may be formed simultaneously With 
the formation of such N+ type source/drain regions. 
A P+ doped region (“P+ OD”) 740 may be formed in the 

PW 720 and Within the tap cell region 725. The P+ OD 740 
may also comprise a thin oxide or diffusion formed by ion 
implantation and/or other conventional and/or future-devel 
oped processes. The P+ OD 740 may be formed by processes 
similar to those employed to form P+ type source/drain 
regions of CMOS transistors and, as such, may be substan 














